4; A

WATERTOWNAARSENAD
WATERTOWN 72, MASS.

- g8/2l | M"\“

WATERTOWN ARSENAL LABORATORIES

A9503 4

SUBSIZE CHARPY ‘CORRELAT:ION WITH. STANDARD CHARPY _ j
o !
TECHNICAL REPORT NO. WAL TR §12/86
BY
‘CMARLES: H. “CURLL _ \ l
DECEMBER 1959 -
0.0.. PROJECT: INDUSTRIAL PREPAREDNESS:  _gig
NEASURE DEVELOPKNT oF BY
; ~SU!SIZE CHARPY STANBARD .
P.E.S.D. (NO, 2. 7080!28! IS-QZGOO
K21
mlvdocument hubogn
| for:public relcase and- adle; “ ¥
diltﬁbuhoa ic unlimliod.
o ’ :‘ui
- - :  wATERTOM ARSENAL e 5’?}_ ‘
- ‘WATERTOWS. 72, mss. R g |
S B T R ;




AD Impact tests
Charpy, subsize

G
/of

l_gJBSIZE CHARPY CORRELATION WITH STANDARD CHARPY o ]
=" = =

&Mo. WAL-TR-112/95_|

By

Charles H./‘Curg
/I
[Dﬁoﬁn w59

0.0. Project: Industrial Preparedness Measure
Development of Subsize Charpy Standard
P.E.S.D. No.: 70304231-15-42606

WATERTOWN ARSENAL
WATERTOWN 72, MASS.

67@?5% %@

- R R T A aaNITR O S o e _“Y.'

anmewononeTA © - T em. eesmemter - YT RMARRY e

e




e L S

SUBSIZE CHARPY CORRELATION WITH STANDARD CHARPY

To provide a means of impact acceptance teating of specimens which
must be obtained from thin or small diameter sections, a study was made,
using various specimen sizes, of the Charpy V notch impact properties of
steels over a range of temperatures encompassing transitions from ductile

to brittle behavior.-

The test data tend to verify a previously established nonlinear cor-
relation between selected subsizes above the transition range and further
indicate u linear correlation between the energy required to fracture
standard-size and subsize V notch Charpy specimens at the normal acceptance
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INTROIUCTION

With the advent of thin-walled cylinders for rocketa and tubes, it has
become necesasary to provide a mecans of impact testing materials from such
sections for Ordnance acceptance purposes. Hecause it is not possible to
obtuin atandard-size Charpy impact specimens from thin sections, a correlas-
tion between the energies to fracture atandard and subsize Charpy V notch
impact specimens necds to be established, It is the purpose of this report
to develop n correiation between selected subsize and standsrd-size Charpy
V notch impact specimens,

A previous inveastigation on size rclationships in the impact test by
Curll ond Orner! developed a nonlinear correlation based upon data taken
from above the transition zone. The current investigation tends to verify
the previous relationship obtained.

This report describes the materials used, the experimental work done,
and illustrates the graphs developed. It further develops an analytical
correlation (using a rcference to the Law of Similitude by Sachs?® and the
reduction of deformation) between the energy to frac“ure the standard and
subsize Charpy V notch impact specimens,

MATERIALS

The following materials were used in this investigation:

1. AISI-2340 Modified Steel 4. AISI-4140 Steel
2. AISI-3140 Modified Steel 5. Class 90 Steel
3., AJISI-4042 Modified Steel 6. Nickel Steel

CHENICAL ANALYSES (% by Weight)

No.| Material c Mn S1 S P Ni Cr No v Cu
1 | 2340 .43 .78 | .24 - - 178 .07 | Trace
2 | 3140 .44 11,11 | .21 - - 2.56 .98 | Trace
3 | 4042 .44 73 | .19 - - Trace .03 .33
4 4140 .38-| .40-| .20-| .04 + 04 .80} .15-
.43 .60 | .35 1.10 .28
S | Class 90 | .17 .33 | .23 | .03 | .04 ]| 2.13 .97 .22 .03 |.057
8 | NI Steel | .14 .50 | .23 | .04 | .017] 3.30

XOTE: 1. Dash means analysis not made.

2. Chemical analyscs for materials in Pigures 2, 3, and ¥ may de found
in Reference 1.

The three steels designated "modified" were made in thirty-pound ingots
in the Watertown Arsenal Laboratories melt laboratory., The modifications
were made on the Ni, Cr, and Mo Contents,
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The AISI-4'40 steel was received as 5/8-inch-square rod. The class 90
steel was rece’ved as 5/8-inch-thick plate. The data on the nickel steel
were obtained from a different investigation.® The three modified steeis
were obtaincd as ingots and homogenized at 2150°F for four hours., The
AISI-3140 was air-cooled and normalized at 1600°F for four hours while the
AISI-2340 and 4042 were furnace-cooled and homogenized at 1650°F for four
hours to permit easier removal of the riser. The as-cast billets were hot-
worked at 2000°F to the following schedule:

1. Heated for two hours.

2, Forged on 200-ton press tQ‘IDS/B-inch-square bar in two reductions.
3. Hot rolled to 1/2" x 2-3/4" bar stock in two reductions.

4. Air cooled.

The meterials received the following heat treatments:

1. AISI-2340

Normalize 1600°F 2 hrs, Air Cool
Rehest 1475°F 2 hrs, Agitated 0il Quench
Draw 1200°F 2 hrs. 0il Quench

2. AISI-3140

Normalize 16 00°F 2 hrs., Air Cool -

Reheat 1525°F 2 hrs, Agitated 0il Quench
} Draw 1100°% 2 hrs, 0il Quench

Redraw 1200°F 2 hrs. 0il Quench

3. AISI-4042

Normelize 16009F | 2 hre. Air Cool
Rekeat ‘1550°F 2 hrs. Agitated 0il Quench
Draw ) 1060°F 2 hrs, 0il Quench

4. AISI-4140

Normalize 1600°F 1 hr. Air Caol
Reheat 1550°F 1-hr, 0il Quench
Draw 1000°F Y hr. 0il Quench

The class 90 steel was used in the as-received .condition (quenched and
tempered), but the heat treat was not available., The materials had the
followiny Rockwell hardness:

s
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1. AISI-2340 99
2. AISI-3140 ’ 26.2
3. AISI-4042 33.8
4. AISI-4140 38.3
5. Class 90 Steel 22,1
6. Nickel Steel 82

The various specimen sizes (Figure 1) used in this investigation were
selected as a result of the previous report by the author (Reference 1) with
additional sizes to verify the theory presented in thias report.- The speci-
mens of AISI-4140 were longitudinal and all others were transverse, The
nickel steel data obtained from another investigation (Reference 3) add to
the verification by use of a double-size specimen,

TEST PROCEDURE

V notched Charpy bars in various sizes, ranging from double size to
one-quarter size (cross-sectional area measuremeat)(Figure 1), were tested
over a range of temperatures encompassing their transitions from ductile to
brittle behavior, All specimens were broken in & conventional manner on a
Sonntag impact testing machine (capacity 240 ft-lb; pendulum velocity 16.8
ft/gec). - Special anvils end shims were provided to maintain the point of
imnact at the center of percussion of the pendulum when nonstandard speci-
mena were tested,- For the shorter-length specimens, the anvil span was
shoztened to a distance of 0.787" from the normal span of 1,574".: There is
oné exception to the above technique.- The data for ‘the double-width, half-
depth specimen of the nickel steel were obtained from Reference 3,-

TEST RESULTS AND DISCUSSIONS

Tables I through VI list testing temperatures, averaged energies absorbed
{generally three st each temperature with one to two tests at extremely low
temperatures), and percentages of fibrosity in the fractured faces.- The
energy versus temperature data are presented graphically in Figures 2 through
10. The graphs of Figures 2, 3, and 4 were taken from a previous report.

In order to verify the previously esiablished correlation, the data from
the curves of Figures § through 9 (taken at their respective transition tem-
peraturea® as indicated in the tables) were plotted on the established cor-
relation curves (Figure 11) and geve the following results:

10' 1‘2 Size:

An average error of 0.62 ft-lb with a single maximum error of
1, 75 ft-lb.‘

*fransition temparature i3 dcfincd a3 the lowest temperature at which the specimen dreahs
with o 1008. fidrous fracturs, ’
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2. 1/3 Size: :

An average error of 0,52 ft-1b with a single maximum error of
10 25 ft'lbo

3. 1/4 Size:

An average error of 0.50 ft-1lb with a single maximum error of 8!
1,25 ft-1b.

Although these results tend to verify the correlation, the actual use
of the relationship is limited to the 100% fibrous zone of the standard
size specimens which has a minimal value as an acceptance test.:

Since the objective was tc obtain a correlation using only one param-

eter, an investigation was made to explain the phenomena in physical terms,:

1 Figure 12 is a macrophoto of the plastic deformation in a Charpy V notch

‘ impact specimen.® The specimen was subjected to a 30 ft-1b blow in impact
and then heat-treated to bring out the grain growth due to plastic deforma-
tion. The photo shows that a certain emount of energy will be absorbed in
the plastic deformation of a specimen prior to crack initiation and propaga-
tion,- It is also evident that additional energy will be required to frac-

' ture the specimen; this energy has been designated as the rupture energy.-
Although this rupture energy is not specificdlly defined, it is known that

{ this energy will consist of some plastic deformation - especially during

. crack propagation,: That is, as the crack progreszses, there will be some }

‘ deformation just below the surface both preceding the crack extension and :
parallel to the crack. This energy is very nearly proportional to the crack
area, while the deformation energy is related to the volume. By using this
theory of total energy for fracture being composed of deformation snd rup-
ture energy (E. = Ed + Er) coupled with the Law of Similitude,* an explanation

} of the physical phenomena of the Charpy relationship may be made.- As the

specimen size is reduced, the volume of deformation will be reduced, howéver, )
the deformation reduction is dependent upen the dimension reduced. That is, '
if the depth dimension is reduced, the volume of deformation will be reduced
by the square of the depth dimension; but if the width dimension is reduced,
the volume of deformation will -be reduced in direct proportion., Further,
if the material is so notch sensitive that negligible deformation will

result, then the energies of the specimens will again be directly propor-
tional to their sizes,

To verify the forsgoing, a mathematical approach was made:

Let E. = Total Energy of Fracture
Er = Energy of Rupture
Ed = Energy of Deformation

E. = Er +Ed

then

*Iow of Sinilituds: "fhe dasic values commonly considered responsidle for ide mechonical dehavior
of any saterial ars the stresses. Jrom this standpoint doth a large cnd smail article, made

‘rom the same -Aomogeneous setal and of {cc-ctricatly's{sitar ag:gca. should dehave {dentically,
t.6,, they should defors ico-ctricalgy # o sintlor manner 4f subjected to the 3ome-2iress values
at corresponding points” (Reference %), .




and by Law of Similitude:
For 1/2-size specimens: (Figure 1) E = 1/2 Er + 1/4 Ed
1/3-size .specimens E.= 1/3 Er + 1/9 Ed
1/8<size speéiméﬁi’f E ”.1/4 Er + 1/8 Ed

Thé data (taken at -402C) from the curves of Figures 2, 3, and 4 and
used in the above: simultaneous equations produced a rupture energy (Er) of
21.6 ft-1b for ductile materials and a rupture energy-(Er) of 12.0 f¢-1b
for brittle materials. The data taken {at -40°C) from the curves of Fig-
ures 5 through 10 and used in the above simultaneous cquations yielded
reasonably satisfactory results.- By plotting the data obtained from the
above curves, a graphical solution may be obtained which is in agreement
with the previous simultaneous solution. The difference in the reduction
of the volume of deformation is a measure of the degree of slope change.
As would be expected, the brittle materials have a zero slope,

By using the curves in Figure 13, an equation for the solution of the
energy of the subsize specimen may be developed based upon the energy of
rupture (designated by K in Figure 13), the energy of deformation (tangent
of the angle equal to the slope), and the specimen dimensions.

E'! = Energy per unit area of full size bar
e{} = Energy per unit area of subsize bar

A. = Cross-sectional area of full size bar
under notch

Cross-sectional of subsize bar
under notch

Depth under notch of full size bar
Depth under notch of subsize bar
Energy of rupture = Er

E!-K

Since tan a = and




the equation of energy for the subsize bar in terms of rupture (K) and
energy of deformation based upon the ratios of croszs-sectional area and
depths of the standard size bars to the subsize bars, Table VII shows the
agreement of the theoretical with the experimental results.- As would be
expected the notch-sensitive materials do not show any energy of deforma-
tion,-

The material AISI-4140, which appears to be a ductile material accord-
ing to the hardness results, fits the correlation much better when used
with a K value of 12 in the solution of the equation based upon the data
taken from the table.- This is attributed to the fact that a transverse
specimen would be in the brittle range and have a full-size energy of
fracture at -40°C of approximately 13 ft-1b.

Although Table VII is based upon data taker from the curves of Fig-
ures 2 through 10, the same theoretical and experimental comparison was
made for data taken directly from the tables with equally good results.-

CONCLUSIONS
The results of this investigation indicate the following:

1. A reasonable corroboration of the empirical correlation developed
{ in the previous report (Reference 1).-

‘ 2.: A linear correlation has been shown to exist, for the materials
investigated, between the Charpy impact energy values for standard and
selected subsize V notch specimens at an acceptance temperature of -40°,
and an equation has been developed for calculating the energy of the sub-

) size bar desired.

3. There is a physical relationship for the correlation between the
specimen sizes based upon the energy of rupture and the energy of deforma-
tion for the materials investigated at the acceptance test temperature of
- 40°Ca
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TABLE I

AVERAGED* IMPACT DATA - AISI-2340 MODIFIED - TRANSVERSE

TEMP.

F.s'

/28

1/3 8

1/4 s

172

5p

173 St

(ec

FIBROUS
ENERGY
(Ft-1b )| CONTENT

E

F

E

F E F

R.T.
0

10
20
20
40
80
80
-100
-120
=155
-196

39.7 100
39.2 100
36.3 a5
34.8 ¢s
34.8 85
29.8 80
22.8 35
15.2 20
10
0
0
0

*« o o

*» o o

e A N3 0 WO N W e e
.
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*Average of fhree Data Points
transition femperature = 0°C

TABLE 11

AVERAGED* IMPACT DATA - AISI-3140 MODIFIED - TRANSVERSE

TEV™,

Fﬁs.

1/2

S

1/3 8

1/4 S

1/2 Sp

/3 Sy

{°c)

FIBROUS
CONTENT
(%)

ENERG
{Ft-Lb

F

E

E

E

F

F

R.T.
- 40
- 50
- 80
- 70
- 80
-100
-120
-155
-196

0

31.8 109
29.8 100
26.8 90
24.0 65

40
20
10
$

§
100

(o
[
-
® o

fo
.

e o -
D oMW gW;m

-

N a3 v o
.

[
.

100
100

85
60
55
30
20
10

5

100

W AR TN T3 @
* -
N OO0 WNO®FNO

o & o o

.

e o

N I L
-
P - LN R )

*jvsrage of fhree Data Points
fransition fanperaturs = -40°¢
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TABLE III
AVERAGED* IMPACT DATA - AISI-4042 MODIFIED - TRANSVERSE

TEMP. F.S. 1/2's /3 § 1/4's 1/2 8p 1/3 sp
FIBROUS
(°C) | ENERGY|CONTENT| E F E F E F E F E F
(Ft-Lb)| (%)

100 26.3 | 100 7.1 | 100

80 27.6 85 | 9.8 | 100| 7.6 | 100 | 6.1 | 100 | 18.2| 100 | 10.6 ] 100

70 22.2 75 6.5 | 100

60 20,9 | 100 |11.2 | 160 ] 6.8 95 | s.8 | 95| 13.5| 100 3.5 | 100

50 9.8 85 5.3 | 90| 14,86 75
R.T. 17.0 70 | 9.1 40 | 6.2 70 | 4.9 60| 9.5 60| 10.0 75

0 15.0 10 | 7.8 25 | 5.3 40 | 4.1 | 30| s.8| 20 4.8 20
-20 8.0 5 | 5.8 15| 5.0 40 | 3.9 | 25| 6.0 5 4.0 15
-40 10.8 5 | 6.5 15| 4.4 30 | 3.5 25| 8.5 5 4.0 10
-60 3.9 s| 4.1 25| 2.8 | 15| 3.2 0 3.2 0
-80 4.0 0 | 3.5 5 2.8 s | 3.0 0 3.0 0

*Average of Three Datas Points

fransition femperature = +100°¢
TADLE TV
AVERAGED* IMPACT DATA - AISI-4140 - LONGITUDINAL

TEMP. F.S. 1728 1/3-S 174 S 1/2 Sp 1/3 Sp
(°c) | ENERGY Cgewt| E | F | E F|l e |F | e|r E| F
R.T. 42.17] 100 j13.1] 100 | 7.3 | 100} 6.8 | 100 | 23.4 | 2¢0 | 15.7 | 100
-10 | 33.8| 100 | 14.2 | 100} e¢.8 | 200 | .7 | 100
-20 | 36.3 | 100 | 12.4 | 100 7.5 | 200°| 6.4 | 100
- 40 | 34.6 95 | 11.8}100{ 6.6 | 100 | 6.2 | 100 | 20.9 | 100 | 12,0 | 100
- 60 | 27.3 70 |10.8{ 70| 7.0 | 100 | 5.3 ] 85 | 17.8 | 9 | 13.0 | 100
- 80 | 20.4 3s 8.2 { 45| 5.0 60 | 4.9 | 75| 8.2 | 60 8.8 75
-100 | 15.8 20 7.2 | 25| 4.8 35 | 4.0 | s0| 6.3 | 35 5.2 45
-120 | 14.0 15 6.6 | 20| 3.9 |- 20} 8.3} 30 ] 6.2 | 15 4.2 a0
-155 | 1a.s 10 5.9 10| 3.0 10| 2.8 { 15} 6.3} 10 4.0 15
-196 9.3 ] 5.5 5] 2.9 5| 2.4 5§ 4.2 5 3.7 5

*Average of Three Data Points

fransition Pemparature = -30°¢

e e

3




TABLE V

AVERAGED* IMPACT DATA - CLASS 90 STEEL - TRANSVERSE

TEWP. F.S. 1/2 5 ZE 1/4 S
(°c) {ENERGY Eégigg% E F E F E F F
R.T. | 34.8| 100 | 14.6 | 100 | 8.8 | 100) 7.5 | 100 100
-40 | 32.9| 100 | 14.3 | 10| 8.9 | 100y 7.6 | 100 100
-60 | 31.2| 100 |13.5 | 100| 8.6 1200| 7.0 | 100 100
-70 | 26,6 80 {13.6| 100| 8.6 | 100| 6.6 [ 100 95
-80 | 22.1| 60 |13.2 | 90| 81| 200f 6.8 | 95 90
- 90 7.9 | 100] 6.5 | 90 85
100 | 16,1 | 35 13| 70| 7.8 | 85| s.3 | 80 50
c120 [ 12,8 | 15 | 84| 40 70| 80| 4.8 ) s0 20
-135 41 | 35
-1s5 | 7.8 s | s0| 10| s8] s0f 3.0} 10 10
-196 | 4.2 s | 2.0 s| 2.8 15| 1 5 5

*pverage of Three Data Poinis
fransition Temperature = -60°C

TABLE VI*

TEST RESULTS OF NICKEL STEEL - TRANSVERSE

TEMP. 2.8 F.S. F.Sy 1/2 Sp —_—

(°c) {ENERGY Eé%%?g% E F| E F F —
25 | 78.4 | 109 | 41.9 | 100

- 20 39,0 | 100

- 40 | 77.8 | 100 |387.7 | 95

-s0 | m.2| 90 {so.2 | s0

- 60 | 55.3 60 |24.7 | 55

.70 | 48.3 | 40 [22.9 | 40

-80 | 267 20 {14.5 | 20 1a.8

- 90 i2.1 16.3

.100 | w.s b s 11.s 12.7

-110 : 7.8

-120 8.5 o | 5.4 0

2185 | 4.7 3.2

fransition femparature = ~40°C

*0obtained From {nvestigation of Reference 3,
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TABLE VII
C COMPARISON - THEORETICAL VERSUS EXPERIMENTAL DATA

' ) d d} a <
N - 1.-- :-u —
- e [I{ ( D)’ E D] T

Theo- Experi-
‘ tot tical gntql B A %liowablo .
. L34 or } ¢
e Matorial Size (Ft- y) WFte Y) (F:—Iiy) 7?:533?. X .
e, ** AISI-4340 H.T. #1 1/2's 22.9 22.0 40,9 £1.1
y Full Size, Energy 1/3 § 12,6 13.0 -0.4 1.0 21.6
= 70 Ft-1b 174 s 1.5 12.0 -0.5 1.0
** AISI-4340 H.T. #2 1728 14.7 14.7 0.01 1.0
Full Size, Energy 173 s 8.9 9.0 -0.1 1.0 21,6
=37 Ft-1b 174 s 7.4 8.0 -0.6 1.0
MY * Cast Steel, Full 128 8.0 6.0 0.0 11,0 ;
i Size, Fnergy = 173 8 4.0 4.0 0.0 £1.0 12 |
; 12 Ft-1b 1S 3.0 3.0 0.0 1.0 3
{ I
b ’ . 1728 12.9 13.5 -0.8 1.0
als1- 2340 1358 8.1 8.0 +0.1 £1.0 . ,
: Nodified 174 s 8.5 7.0 -0.5 1.0 21.6
Y £.5, by 1/2 Sp 15.0 18.5 -1.5 1.0
S ke 1/3 sf, 8.1 9.8 -1.7 1.0 N
. 172 s 12.6 12.0 0.6 $1.0 :
. AIS3- 3140 hed. 135, 8.0 7.7 +0.2 +1.0 : |
[ Erezqy = s | 81 | &t | M| us | we .
= 26.78 Ft-Lb 173 st 8.0 8.0 0.0 1.6 ’
} 1/2s 5.7 5.7 0.0 1.0 .
_ Qlﬂgfﬂ Med. 173§ 3.9 4.5 -0.8 1.0
|| VTR R A
. 120 FeeLb 173 23 3.7 4.0 -0.3 11, ﬂ
X 1/2s 10.9 1.7 -0.8 1.0
#If{"’%“ 173 s 6.2 7.5 -1.3 1.0
gald 5;*:’ % s 1;;; 28.3 -g.g ﬂg 12
c 31.75 Fe-1b 173 §3 10.5 12.0 -1.5 $1.0
R Class 90 1/2.8 13.7 14.5 -0.8 1.0
. . Steal 1/3's 8.5 8.7 -0.3 1.0
P Full Size 174 8 6.8 7.5 -0.§ 1.0 21.§ .
Energy = 172 S 16.¢ 17.8 -1.2 1.0
33,25 Ftelb iy 1.1 127 -1.8 1.0
Ni-Steal 2 74.0 75.0 -1.0 3.7
F.S- E‘quy = chsg 29-3 3005 ’102 tl~5 2] '5
37 Ft-lb 172"sp 18.5 20.5 -2.0 11,
"4llowable rolerance
158 over 20 fi-1d of ensrgy .
£l ft~1b under 20 ft-1b of enargy
“*Reforance 1.
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ALL-NOTCH RADII = 0.040"

E

SIZE

CROSS-SECTIONAL AREA

DIMENSIONS ( INCRES)

A B

¢

D

STANDAR

D FeSe

2.16 394

+394

- 079

HALF

i/28

2.16 .394

<197

039

THIRD

1/3 8

1.126 -394

+131

+ 026

QUARTER

/e 8

2.16 « 197

. 197

. 039

DOUBLE

23

2.16 - 788

-394

.079

NOKSTAN

DARD  F. Sy

216 .788

. 197

. 039

HALF

12 8

2.16 . 197

«39%

<079

THIRD

113 8p

2.16 131

-394

. 079

THIRD

113 s

2.16 -394

«131

026

NINTH

t/os

1a125 .131

131

. 026

NOIE:

Subscripts denote equivalent cross-sectional area with changes in dimensions.

FIGURE |
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} MACROPHOTO OF DEFORMATION DUE TO IMPACT

THIS SECTION FROM A V NOTCH CHARPY BAR CUT FROM A 0.04%C STEEL, WAS STRUCK A 30 FT-LB

BLOW AND AKNEALED FOR 45 HOURS AT 850°C TO PROMOTE ABNORMAL GRAIN GROWTH IN THE PLASTI-
CALLY DEFORMED AREAS. THE SPECIMEN WAS SUBSEQUENTLY SECTICNED, POLISHED, AND ETCHED, AND

SHOWS THE CENTRAL AREA WHERE LITTLE OR NO PLASTIC DEFORMATION HAS TAKEN PLACE.

Mtn. 630-17,088 FIGURE 12




ENERGY IN FT~LB PER UNIT CROSS-SECTIONAL AREA
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ENERGY VERSUS BAR DEPTH - SHOWING RELATIONSHIP OF RUPTURE AND DEFORMATION
DATA TAKEN FROM CURVES OF FIGURES 2, 3, AND U AT -80°C TEST TEMPERATURE

FIGURE 13

TN T e e s et N SN A i

-
e . REEC

B
oo

Aie




T s m——oesr B L

REFERENCES

1. CURLL, C. H., and ORNER, - G.. M., Correlation of Selected Subsize Charpy
Bars Versus the Standard Charpy Bar, Watertown Arsenal Laboratories
Report WAL TR 112/91, May 1958.

2., SACHS, G., Some Fundamentals of the Flow and Rupture of Metals, AIME.
Transactions, v. 143, 1941, p.-13-19,

3. CORNER, G..M., and HARTBOWER, C. E., The Effect of Notch and Specimen
Geometry on Charpy Low-Blow Transition Temperature, Watertown Arsenal
Laboratories Report WAL TR 112/87-4, Septemnber 1957,




S ———re
[N

-

AT >

Raame TN o

PR T V. R

‘B D ‘1138 °I

3zISqQns
‘kdaeq) <z

§1693 1dewdw] °%
QEI41SSVIONA

SeSatoveolacvynriummum

R 0 ‘1T13m) 1

3z1sqns
‘ddavqy 2

§1633 10edw] °f
Q4IJISSTIONA

SHOILVLIIRIT NOILGSI¥ISIQ ON

*3J0yARgaq

9731729 03 ITT02p wo3} suwoliysuvty Jurssedwodud
$3IR31vladwal JO a2uv3 ® JIA0 SIIAIT JO SOF3ID
-doxd 1oedwr yolou A £diwq) 331 Jo ‘sozys wawydads
saoyIva 3utsn ‘opew sea Lpuis v ‘suoyidas 3330w p
ITeWs J0 TIQI WOIJ PIUFPIQO 9q ISAW §OIYM suimydade
Jo 3Juyisay 3ogvidanoe ysvdwy Jo suvaw v apraodd of
313033y PaTFISseIdun ‘909Z¥-91-182Y080L ‘ON °‘G*S°H'd
‘a3usedy ssaupazedasy [erisapul [03g Q0 ‘SOITE

- saiqes ~ dd g8 ‘96T 920 ‘s6/21T YL VA °oN 13oday
) 11300 B D

= IJYVHO QUVANYIS HIIM NOIIVIAWHOO XJ¥VHO 821S4AS
*SEVH  ‘G. UMO1J2I®N ‘SATIOIRIOQR] TVUSSIY UAO1IBITA

(XL AT L R A I RS Y T I Y EE AE R RS R R I T 2 ve

‘ON U0}S$3d0Y av

BN Ay T SB LI IGBICVENDIEVOVRINDCOO IO IO IVLININISOIIS S

SHOIZVIIHIT ROIINAIJLISIA OK

*JotARg3q

373111q 031 ITTIIONP WOII SuCTItsuedl JuysSswdwoonad
sainieladwal JO a3uel v J2A0 SI3315 JO S3FIId
-doad ioedwt goi0u A Ldaeq) 341 Jo ‘sazis uvamrdads
suotles 3ursn ‘opews sem Apuis ¥ ‘SUOTIDIS 3I313WRTP
TIewWs J0 WIQY WOI] PIUTRIqQO 2Q 1SHW YOIYA SWawdads
Jo 3u11591 9d5ue3dacoe 1oedur Jo suvsw ¢ apiaodd ol
130d9¥ pAIFIsseIdu] ‘9997¥-91-183¥080L °‘ON *U°S°'I°d
‘aInseay seaupasedasy yTersisapnl fo3d 00 ‘snylt

- sulqel - dd g ‘6561 920 ‘g6/3TT UL TVA °oN 13oday
1138) *H D

— IJ¥VHD QUVANYIS HIIA ROILVIA®Y0D 1JAVHO 92IS40S
*SSeR ‘2L UA013dITK ‘SITJ01RIOQR] TRUISIV UMOIIIIVK
*ON UOY¥SEIDOY av

~a. [N TN

AR TN T Y Y Y Y Y FY Y Y X

CERTR LTINS A0600 0008, "0e000808¢0000

4

L 3

-

-
-
-

e

‘H D ‘113n) '

2z18qus
‘4daweg) -z

83293 jowvdwy 1
QIILISSYTIONA

LY R Y LR YL L Y

‘H O ‘1130 1

azisquns
‘4dawyy °Z

$31831 3oedwy °f
QaIdISSVIOND

SHOILYLIHIT NOIIGIIRISIA ON -

*20TARRIQ

373113Q 03 B[IIONP WOIF SUOTIYSERII AnyssedwoOKd
$9111933Jwal 30 23auX ¥ IIA0 S[BII8 O SITII2
-do3d 3ovdwt yolom 4 Sdiwq) 243 Jo ‘S3zFs vawrdAs:
snovIvi 3uysa ‘apewl sea Lpals ® ‘SUOTIOIE Jayjawwyp
TIows Jo TIG1 WOXJ PAUEYIQO G ISW JITHA S IS
Jo Jupisa1 22ge1dadow 1owdwy Jo swwas v apiacad of
330dag payrysserov)) .2:7»78«.52* O ‘Q°S°q°'d
‘a3nsvay sraupaIIedaly Teyiisnpsl to3d OO ‘SGITT

- 631qv3 - &d 8 ‘98T 230 ‘96/2IT 4l TVA °*ON 33043%
TI38) °H 0

- LJUVAD QUVANVIS HIIA NOIIVIS¥E00 AI¥VHO 4ZIS4nS
*SSUN ‘ZL UAOIIAITA ‘SOTI0IEINQR] 1EBISIY WAOITIIIEN
” "N YOIS8200Y ar

VGOV P00 00L PV 0P ERABREEC000R0QOLIOGOPSEIRITY

T Y PR PR Y Y L AR R Y LY P P AT PR YRR Y R Y XY Y Y Y

SNOILVIIKIT NOIINEIEIZIA ON

*J0TARYRQ

9133173Q 01 ITFIOAP WOIF $TOFIFSURIL Jurssrdundws
sa3ni1e32dway Jo 33uex v IA0 SIS JO SBYIZP
-doxd "1owvduy qotox A £dawq) ag:r Jo ‘sazys uvswrowds
stotivs 3uise ‘apww SUA Lpris ® STOTI0NS ISP
IIVWE J0 ¥TYI WOIJ PIVFRIGO Iq 3ISDW YIIYA SEXuII¥ds
0o 3Juyisay aouvidadoe dwdwy Jo swwam w Ipyaoad of
330de8 PaTFISSTIIT) .ooouvuu?«unvonow *ON “d°S°Id
‘asusvay ssoUpalwdary TeyIIsaPel folg 00 ‘sBILT

- s91qw1 - dd g ‘96T d3U ‘96/%IT XL TVA °*oX 33odey
TI383 “H O

- LYVHD QEYARVIS HIIA NOILVISE®0) . LIAVHD §ZIS4NS
*SSTH ‘2L BA0IIIIBA ‘SIFIOIVIOGE]. I[SUSSI] WAOIIdIER
*ON WOTSSIN¥ T av

- .
A L RS AR X A R A LA R Y L L s PR R LY F N T Y P Y Y Y P Y AT PP Y Y YA P Y Y Y Y TR Y Y P

tf‘l""‘l'fl"'"'Q.........'.."...."O.i..‘

b= S,

=,
(I

e,

%

CEXEE e i

———_—" . o oot

-

e

- N e e
5.

P

Fl
4,




WATERTOMN ARSENAL
TECHNICAL REPORT DISTRIBUTION:

. Report No.: WAL TR 112/95 Title: Subsize Charpy Correlation with
Standard Charpy

. To: No. ol Copies

Commanding Officer
Watertown Arsenal
Watertown 72, Mass,

Attn: Technical Info. Section 5
Author 1
OMRO 1
WAL Coordinator, IPM 1
Activity Manager, IPM 7
(5 copies to be distributed as follows:)
Commanding General ’
| Ordnance Weapons Command
| Rock Island, Illinois
Attn: ORDOW-IX, Induatrial Division 1
ORDOW-IM, ind, ‘Mob., Branch 1
ORDOW-TX, Research Division 1
ORDOW-GU, Security Off.ce 2
Office, Chief of Ordnance
Department of the Army
Washington 25, D. C.
Attn: ORDIX 1
ORDIR, Wpns & Fire Control Br, 2
l ORDTB, Rescarch & Materials 2
Commanding General
Frankford Arsenal
Philadelphis 37, Pa. 2
Commanding Officer
Picatinny Arsenal
Dover, New Jersey 2
Commanding Officer
Rock Iszland Arsenal
Rock -Island, Illinois
Attn: 9320, Res. & Dav, Division 1
5160, Ind. Eag. Diviaion 1

Commanding Officer
Springfield Arrory

Springfield 1, Mass. :
: Attn: OHDBD"TX. n'._' & Dev, Di'o 1 %
ORDm-'EG, Ens. Di'o 1
[pean Lo ://‘y . 9
. o J
e i e T 5 e BN ot o o]




ARNEVENRRET ¢ 7 Rt e i T e e A
> . — " =

T TR A

. - .
e s e . o

To:

No. of Copies

Commanding Officef
Watervliiet Arsenal
Watervliet, New York

Commanding General
Aberdeen Proving Ground
Aberdeen, Marylund

Commanding Officer
Detroit Arsenal
Center Line, Michigan

Commanding General
U.S. Army Ordnance Missile Command
Redstone Arsenal, Alabama

Commander

Army Rocket & Guided Missile Agency
Redstone Arsenal, Alabama’

Attn: ORDXR-OTL, Technical Library

Commanding General
Army Ballistic Missile Agency
Redstone Arsenal, Alabama

Commanding. Officer

Ordnance Ammunition Command
Joliet, Illinois

Commanding Genercl

Ordnance Tank-Automotive Command
1501 Beard Strest

Detroit 9, Michigan

Commanding Officer

Office ¢f Ordnance Research
Box CM, Duke. Station
Durhem, North Carolina

Chief, Bu&euu of Ordnance
Department of the ‘Navy
VWashington 25, D, C.

Chief, Bureau of Ships
Department of the Navy
Washington 25, D. C,




TR beahdaied T L E LR S R TR S " —— ST
e S ST ok ~ SOl

To: “ No. of Copiéa

Director

Naval Research Lab.

Anacostia Station

Washington 25, D. C. 1

Chief, Office of Naval Research
Department of the Navy
Washington 25, D. C. 1

Commander

Armed Services Tech. Info. Agency

Arlington Hall Station

Arlington 12, Virginia

Attn: TIPDR 10

Commanding General

Wright Air Development Center

Wright-Patterason Air Force Base

Ohio

Attn: WCRRL 2

{
'I Defense Metals Information Center
) Battelle Memorial Institute
l Colunbus 1, Ohio 2
; Commanding General > I
} U.S. Army Ordnance Special :
Weapons Ammunition Command k
Dover, New Jersey 2 ‘

Superintendent

Naval Gun Factory

Department of the Navy

Washington 25, D. C, 1

Oak Ridge National Laboratories
Atomic ‘Energy Commission

Box. P
Osk Ridge, Tenneasee
Attn: Mr. J. J. Prislinger 1

Defense Research Board 0?1422; éZ:;ff';/= N
Canadian Armament Research and g’/%{<2£o JZ/ f) A '

Deyelopment Establishment = \Eb' ’<:?‘ /. s
P. 0. Box 1427 Zat “

Quebec, P. Q., Canada \
Attn: Mr., H, P, Tardif }

) TOTAL COPIES DISTRIBUTED -- 68
: /W“’Mf/ M < &o
%«f 5:,2 fcﬁ;;dw .s"
e

e’ To7s "'/e’%)‘ 2 i

L N .
I D e T i L e e o _—

e s

B e o L o N P SO E




